ABSTRACT
INTRODUCTION
With the help of offered machine vision algorithms, dozens of processors control every performance aspect of today's automobiles which are rising exponentially. In the future, vehicles tend to be more intelligent and shall assist the driver both concerning comfort and safety. Several facilities are being offered under Advanced Driver Assistance Systems (ADAS) like night vision assistance, lane departure warning system (LDWS), pedestrian detection system (PDS), smart airbags, cruise control, etc. As the reliability and the performance of the algorithms have been significantly improved due to the increasing performance of computers, vision systems have been acknowledged in the automatic control community as a powerful and versatile sensor to measure motion, position and structure of the environment. If efficient algorithms are developed for such modern vision systems, then the performance of the system will certainly improved to large extent. With increase in the challenges in identifying the road lanes, robust algorithms must be used to mitigate the problems of poor lane detection, less efficiency poor performance under different traffic and environmental conditions. Many time road lanes are fade and not visible.
PROBLEM ADDRESSED
With increasing challenges in the identification of road lanes, robust algorithms must be used to mitigate the problems of poor lane detection, less efficiency, poor performance in traffic and different environmental conditions. Many time road lanes are fade and not visible. Two-lane, three lane, and four -lane roads are present in many cities of the developed and under-developed countries. Such factors are becoming obstacles in identifying the road lane for Lane Departure Warning Systems (LDWS). Especially, when multiple lanes are present on a road, the detection algorithm may identify all these lanes due to viewing angle of camera inside a car or vehicle. On urban highways, multiple entry and exit points are present with relatively small distances between adjacent entry and exit points. This scenario explains the presence of various lane markings on urban roads. For LDWS, these detected lane edges may lead detection algorithm towards complexity and inaccuracy. Also, while giving departure warning, multiple lane boundaries may give false warnings. During the processing of lane departure, time to lane crossing (TLC) parameter may be affected.
According to the survey carried out by National Highway Traffic Safety Administration o f U S , 43 % of the total traffic accident casualties are the results of the abnormal lane switching/departure on the road, which is also the major cause of the traffic accident in the list [1] . In the previous studies of the Driver Assistance System (DAS), a m u c h powerful computing machine and large size memory are required to carry out the calculation of the computer vision and graphic processing algorithms [2] , [3] . There are articles contributed to the studies and methods of lane recognition, such as the stereo vision system [4] , [5] which transform the image coordinate system back to the real world coordination. Then, the method is applied to identify the lane markings and remove other irrelevant objects in the image. To improve the performance, it was proposed using curvature method only in the far end of the image but adopting the straight line pattern in the near end to identify the lane markings in order to reduce the time required for identification [6] . Many approaches have been applied to lane detection, which can be classified as either feature-based or model based [7] , [8] . Hsiao et. Al. presents lane departure algorithm based on spatial and temporal mechanism [9] . But this approach suffers from poor illumination problem. In [10] - [11] , occlusion handling algorithm for lane tracking is presented. But is has a limitation of low computational speed.
ABOUT THIS PAPER
In this paper, effective ROI is considered as a first step of algorithm processing after preprocessing by top-hat transform [2] . ROI is further segmented to avoid the problem o f m u l t i p l e lanes. Segmenting the ROI has the advantage of dividing multiple lanes present in the ROI. This ROI is further divided into left and right sub-regions. Lane marking using HT is carried out in segmented regions of an image. Processing an image without segmentation will detect many Hough lines due to which ambiguity will be created in estimating lane departure. Segmenting ROI will reduce the complexity of the lane detection. Segmentation helps to give lane identification in appropriate manner giving only desired lane lines which are required for estimating lane departure information. This methodology will have the net effect of enhancement in the speed of operation; reduced ambiguity, hence the computational time required for lane departure warning will be reduced. Thus, driver will get lane departure information instantly and will have more warning onset time. It is desirable for LDWS to have more onset time. Onset time is the amount of time the driver gets to bring the car in lane when deviated out of lane.
The paper is organized as follows. Section 4.1 describes procedure for dynamic threshold value selection. Section 4.2 describes segmentation of ROI. Modified lane departure method is elucidated in section 4.3. Section 5 explains experimental validation. Section 6 concludes the paper.
DYNAMIC THRESHOLD VALUE SELETION
In this paper, a method based on histogram statistics will be used to determine the fitting threshold value dynamically.
Proposed Method
The procedure is to define a neighborhood and move its center from pixel to pixel. At every location, histogram of the points in the neighborhood is first computed and thereafter the histogram specification transformation function is obtained. This function is then used to map the intensity of the pixel centered in the neighborhood. As shown in Figure 1 , the 
ROI Segmentation
Lower area of a lane image, shown dotted in Figure 4 , is considered as region of interest (ROI). In this part of an image, road lanes are present. This is the lower region of the view seen by a camera which can be situated inside a car near rear view mirror. This ROI is further divided into left and right sub-regions. Lane marking using Hough Transform (HT) will be carried out in segmented regions of an image 
Modified Lane Departure Method
The new proposed methodology for lane departure indication is described in this section. ROI of an image is extracted and represented as R i . Edges in an image are detected using Hough transform. Hough origin H o is placed at the coordinate ( x/ 2 ,0) . Edges of lanes are extracted. Left edge mid-point and right edge mid-point viz. Μ L , Μ R is calculated. A line joining from each mid-point to Hough origin is plotted and its length is measured as Κ L , Κ R . Also, horizontal distance between the mid-points is noted down as length C shown below in Figure 5 . If the value of length C is greater than initial threshold value Τ i then the position of car will be examined for departure. The terms K L, K R are used to obtain information in this regard. As shown in above Figure 5 (a) , if length K R is less than K L then car is near right lane otherwise if length K R is greater than K L then car is near left lane. The initial thresholds for minimum lengths are set. If either of the length K L, K R reduces below some threshold T L , T R then lane departure on left side or right side occurs and necessary warning will be given to driver. The algorithm for proposed lane departure method is given in following pseudo code On the contrary, if the value of C is lesser than initial threshold value Τ i , as shown in Figure 6 , car is crossing the lane and is on the central axis of the road Figure 6 . C is always less than the initial threshold value in case when car is in left or right lane. Also, during left or right departure, C is always greater than initial threshold. ROI segmentation is taken into account. The uniqueness of the algorithm lies in considering value of C as shown in Figure 5 .
Three cases are assumed:
Case I: C is greater than initial threshold value T i when left departure occurs -In this case, the value of C is greater than 50. The length K L , K R are calculated. Centroid of K L , K R is estimated which decides C value. For left departure, K L < K R is condition is satisfied.
Case II: C i s greater than initial threshold value T i when right departure occurs -In this case, the value of C is greater than 50. For left departure, K R < K L condition is satisfied.
Case III: C is less than initial threshold value T i -In this case C value is less than 50. Car is crossing the lane .
EXPERIMENTAL VALIDATION
The proposed algorithm of lane departure is simulated in MATLAB. The software runs on i5 processor at 2.53 GHz.As shown in Figure 7 In case III, C value is 130. Also, length K R is greater than K L informing left departure condition has occurred. Thus, accurate predictions are obtained using the proposed algorithm. Table 1 shows that the proposed algorithm gives lane departure information in fraction of second, with average value equal to 0.053622 second. The second last column shows time required for each execution of identifying the departure 
CONCLUSION
In this paper, an improved method for lane departure warning system is presented. Hough transform is used to detect the lane markings. The lane departure method is improved by ROI segmentation technique. By measuring the distance between the lanes and using it to make out decision for left or right departure, the proposed algorithm accurately detects the lanes in short span of time. It is observed that the proposed algorithm has average execution time of 0.053622 second. It has the benefit of less complexity and fast execution. This algorithm, if optimized, will further enhance the speed of operation. For lane departure warning system it is necessary that the algorithm must be executed in short span of time with better accuracy so that driver will get more onset time to bring the car in lane. Our paper fulfills these conditions by giving less time to generate warning. Thus, proposed algorithm is suitable for real-time application for LDWS.
